Enantiopure 1,2-diamines are present in numerous natural compounds and represent also valuable starting materials for further synthetic manipulations aimed at the synthesis of complex molecules. 1 The possibility to modify the two amino groups of a chiral scaffold in different moments of the synthetic sequence is a highly desirable and powerful tool for the organic chemist; in this regard, the catalytic, stereoselective reduction of nitroenamines, readily prepared starting from a suitable aldehyde, is an efficient approach that leads to the formation of enantiomerically pure 2-nitro amines, easily converted into the corresponding diamine derivatives by reduction of the nitro group [Scheme 1 (a)]. 2 Recently, this transformation has been successfully performed enantioselectively by exploiting two organocatalytic methodologies, involving the use of trichlorosilane 3 or Hantzsch ester 4 as stoichiometric reducing agents. 5 Based on our previous experiences both with dihydropyridine derivatives 6 and with HSiCl 3 7 in the organocatalytic synthesis of chiral fluorinated amines, we decided to assess the possibility to perform the nitroenamine reduction under continuous-flow conditions. 8 We compared the efficiency of both catalytic strategies, through a preliminary screening with a 10-μL microreactor, to establish the best reaction conditions, and then we studied a first scale-up of the reduction in a 0.5-mL mesoreactor. The in-flow nitro reduction was also studied and successfully accomplished by two methods, a Raney Ni catalyzed hydrogenation and a metal-free reduction, with the final aim to develop a twostep, continuous-flow process for the stereoselective catalytic synthesis of chiral, differently functionalized 1,2-diamines [Scheme 1 (b)].
Scheme 1 Continuous-flow, stereoselective two-step synthesis of enantiopure, differently functionalized 1,2-diamines First, we studied the trichlorosilane-promoted reduction of N-PMP nitroenamines (Scheme 2); 9 as far as we know, the only work in the field was reported by Sun and co-workers, 3 and required the use of a bifunctional enantiopure sulfoxide as catalyst. We decided to take advantage of cat. 
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an easy-to-synthesize, very active catalyst A, recently reported by our group, 10 and performed some preliminary reductions in batch (Scheme 2).
We were pleased to find that the N-picolyl-imidazolidinone A efficiently promoted the reduction of the model nitroenamine 1, to afford the expected 2-nitro amine 2 at 
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0 °C in quantitative yield and 62% ee. Simply lowering the temperature to -40 °C, it is possible to isolate the product in 95% yield and 94% ee. Unfortunately, when we performed the reaction under continuous-flow conditions, the product was obtained with high stereoselectivity but low yields.
11
Scheme 2 Trichlorosilane-mediated reduction of nitroenamines Therefore, we turned our attention to the enantioselective reduction developed by Bernardi and Fochi, that relies on the use of a bifunctional, thiourea-based organocatalyst B (Scheme 3). 4 We initially studied the feasibility of the method in a continuous-flow process by screening some experimental conditions in a commercially available Chemtrix Labtrix® Start Standard platform that can be used at temperatures ranging from -20 °C to 195 °C and under pressures up to 25 bar. The results are reported in Table 1 .
Scheme 3 Enantioselective organocatalytic reduction of N-Boc-or N-Ac-protected nitroenamines
By using a 10-μL microreactor, the few selected results in Table 1 clearly show that the reduction of N-Boc-protected nitroenamine 3a can be efficiently performed in continuo, with short residence times, good yields, and remarkably high enantioselectivity. At 60 °C, with a residence time of only 2.5 minutes, the nitro amine 4a was continuously produced in 70% yield and 97% ee (entry 3). Similarly, the inflow reaction of N-acetyl-protected nitroenamine 3b with Hantzsch ester 5 afforded the corresponding amine 4b in 70% yield and 93% ee (entry 5).
Under the same conditions as Table 1 , entry 3, by using a 4 μL/min flow rate in a 10-μL microreactor, the reaction was successfully extended to other 1-aryl-substituted nitroenamines, 3c-e; the reductions led to the corresponding nitroamines 4c-e in similar yields and with enantioselectivities consistently higher than 90% (Table 1 , entries 6-8).
Then, a coil-reactor, realized by using PTFE tubing (1.58-mm o.d., 0.58 mm i.d., 1.89-m length, 500-μL effective volume) coiled in a bundle and immersed in an oil bath heated to the desired temperature, was employed to realize a first scale-up of the process (Table 2) .
At 40 °C with a 10 minute residence time, the reduction of 3a afforded 4a in 31% yield and 96% ee ( Table 2 , entry 1). In attempts to further improve the productivity, the flow rate was decreased and the reaction temperature increased up to 60 °C (entry 3): the product was then isolated in 55% yield and 97% ee.
However, it should be noted that the reaction could be efficiently performed also with 5 mol% catalyst loading (Table 2, entry 6) affording the product in 47% yield and 97% ee at 40 °C. The reaction could be performed with comparable yield also in dichloromethane, although with a small decrease in the enantioselectivity (90% ee vs 97% ee in toluene).
It is interesting to attempt a comparison of the results obtained by running the reaction in batch or in flow (Table  3) . Under the conditions of Table 2 , entry 3, using a 25 μL/min flow rate in a 500-μL microreactor, the product 4a was continuously synthesized with a space time yield, (Table 3 , entry 4). Notably, by increasing the reaction concentration (conditions of Table 2 , entry 9) the space time yield doubled to 192, ten times higher than the values calculated for the batch process (19-20, see entries 6 and 7; also the space time yield of the batch reaction at 80% conversion, after 5 hours, 57, is lower compared to the flow reaction). With microreactors, space time yields were even higher, up to 960 mmol/mL -1 h -1 (Table 3 , entries 1-3). For the sake of comparison, data from some preliminary kinetic studies are reported in Figure 1 , where the yields of the reduction of nitroenamine 3b performed in batch or in flow under the same conditions [cat. B (10 mol%), toluene (0.05 M), 60 °C] at different reaction times are reported.
Even after a short reaction time (less than 20 min), the yields of the batch process are clearly lower compared to those observed by performing the reaction in the mesoreactor, where a 65% yield was observed after 20 minutes (Table 2, entry 8), while in batch 18% yield was determined. In a microreactor, the reduction worked even better, affording the product in 70% yield after only 2.5 minutes (Table 1 , entry 5), always maintaining a very high level of enantioselectivity, consistently higher than 91%.
The continuous-flow reduction of the nitro group to amine was then performed with a ThalesNano H-Cube Mini™, equipped with a 10% Raney Ni cartridge (Scheme 4). 12 After preliminary studies on chiral amine 4a, it was found that the continuous-flow hydrogenation 13 could be efficiently performed operating at 50 °C and 50 bar leading This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
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to the isolation of the diamine derivative 6a in 75% yield after 5 hours. Analogously, the reduction of N-acetyl derivative 4b afforded the product 6b in 92% yield, without any loss of stereochemical integrity (see the Supporting Information).
Scheme 4 Raney Ni catalyzed continuous-flow hydrogenation of the nitro group
In an attempt to develop a completely metal-free twostep, continuous-flow process for the stereoselective, catalytic synthesis of 1,2-diamines, the reduction of the nitro group was also performed by employing trichlorosilane as a very convenient, atoxic and inexpensive reducing agent, in the presence of a tertiary amine (Scheme 5).
14, 15 It was observed that the continuous-flow reduction of N-acetyl amino nitro derivative 4b could be realized in a PTFE mesoreactor in dichloromethane as the reaction solvent; the expected N-acetyl-monoprotected 1,2-diamine 6b was produced in 60% yield and with the same optical purity of the starting material (for further details, see the Supporting Information).
Scheme 5 Metal-free continuous-flow reduction of the nitro group
Finally, a multistep, in continuo synthesis of chiral mono-N-acetyl-protected diamine 6b was studied (Scheme 6).
Scheme 6 Multistep in-flow synthesis of chiral 1,2-diamino derivatives
After the first enantioselective, organocatalytic step in dichloromethane, the organic solution was directly introduced into a second reactor for the nitro group reduction. However, the presence of considerable amounts of unreacted nitroenamine led to the formation of several byproducts and, at the end, only traces of the final product were detected.
Therefore, we decided to study a different procedure, reported in Scheme 7. After performing the catalytic enantioselective reduction under the standard conditions in toluene, in a PTFE mesoreactor, the product 4b was further reacted in a flask, where the nitro reduction was accomplished by adding the combination of reducing reagents (HSiCl 3 /DIPEA) which were mixed in situ in a second PTFE mesoreactor. The mono-N-acetyl-protected diamine 6b was detected (30% yield) and converted into the diacetyl product 7, which was purified (27% isolated yield) and completely characterized.
In conclusion, the enantioselective, metal-free catalytic reduction of nitroenamines was accomplished for the first time under continuous-flow conditions. Microreactors were used in a preliminary screening that allowed the bestperforming conditions to be established, that were successfully replicated in a mesoreactor, obtaining remarkably high productivities and enantioselectivities consistently higher than 90%. The nitro group reduction was also successfully realized, either by continuous-flow nickel-catalyzed hydrogenation or by continuous-flow trichlorosilane-mediated reduction. The present work is a further demonstration that 
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the development of a multistep continuous-flow process for the synthesis of enantiomerically pure products is today feasible and will bring to further applications in the near future.
Commercial grade reagents and solvents were used without further purifications. 1 H NMR and 13 C NMR spectra were recorded with instruments at 300 MHz (Bruker F300) with the solvent as reference. MS were registered on an APEX II & Xmass software (Bruker Daltonics) instrument or on a thermo Finnigan LCQ Advantage instrument, equipped with an ESI ion source. Optical rotations were obtained on a Perkin-Elmer 241 polarimeter at 589 nm using a 5-mL cell, with a length of 1 dm. For HPLC analyses on chiral stationary phase, an Agilent Instrument Series 1100 was used to determine ee; the specific operative conditions for each product are reported. Reactions and chromatographic purifications were monitored by analytical TLC using silica gel 60 F254 pre-coated glass plates and visualized using UV light, phosphomolybdic acid, or ninhydrin. Purification of the products was performed by flash column chromatography (according to the Still method) using as stationary phase silica gel 230-400 mesh (Sigma Aldrich). CH 2 Cl 2 was dried by distillation under an N 2 atmosphere on CaH 2 . Other dry solvents used are commercially available and they are stored under N 2 over molecular sieves (bottles with crown cap). Commercially available HSiCl 3 was freshly distilled before use. The fluidic device was realized by assembling one coil-reactor according to the scheme reported in the Supporting Information. The coil reactor was realized by using PTFE tubing (1.58-mm o.d., 0.58-mm i.d., 1.89-m length, 500-μL effective volume) coiled in a bundle and immersed in an oil bath heated to the desired temperature. Chemix Fusion 100, equipped with two 2.5-mL Hamilton gastight syringes, fed the solution containing the nitroenamine and the catalyst dissolved in toluene, and the solution of Hantzsch ester in toluene through a T-junction into the coil-reactor.
β-Amino-α-nitrostyrene; General Procedure
Et 3 N (0.7 mL, 5.0 mmol) was added to a solution of MeONH 2 ·HCl (0.42 g, 5.0 mmol) in DMF (8 mL) at 0 °C. β-Nitrostyrene (0.745 g, 5.0 mmol) was then added and the resulting suspension was stirred at 0°C for 15 min and at rt for 5 min. The precipitate was removed by filtration and washed with a small amount of DMF. The combined filtrate was transferred into an addition funnel and was added dropwise to a KOt-Bu (1.12 g, 10 mmol) solution in DMF (12 mL) at 0 °C. The cooling bath was then removed and the mixture was stirred for 30 min at rt. The reaction was quenched with sat. aq NH 4 Cl (30 mL). The solvents were distilled in vacuo and the residue was dissolved in CH 2 Cl 2 . The obtained organic phase was washed with water and brine, dried (Na 2 SO 4 ), filtered and concentrated in vacuo. The crude β-amino-α-nitrostyrene was used without further purification in the next step. (Z)-2-Nitro-1-phenylvinylcarbamate (3a) ; Typical Procedure A (TPA)
tert-Butyl
A stirred solution of crude β-amino-α-nitrostyrene in CH 2 Cl 2 (8.3 mL, 0.6 M) was cooled to 0 °C. To this was added Boc 2 O (1.3 g, 6 mmol) followed by DMAP (0.03 g, 0.25 mmol) and the cooling bath was then removed and the solution was stirred at rt for 1 h. The reaction was then quenched with water and extracted with CH 2 Cl 2 . The combined organic phases were dried (Na 2 SO 4 ), filtered, concentrated in vacuo, and the residue was purified by flash column chromatography (silica gel, CH 2 Cl 2 /petroleum ether 3:1, R f = 0.21) to give nitroenamine 3a (0.8 g, 60%) as a pale yellow solid with spectroscopic data in agreement with the literature. 
(Z)-N-(2-Nitro-1-phenylvinyl)acetamide (3b); Typical Procedure B (TPB)
A stirred solution of crude β-amino-α-nitrostyrene in toluene (16.5 mL) was cooled to 0 °C and to this was added Et 3 N (2.7 mL, 20 mmol) followed by Ac 2 O (1.4 mL, 15 mmol). The cooling bath was then removed and the solution was stirred at 45 °C overnight. The mixture was concentrated under vacuum and the residue was purified by flash column chromatography (silica gel, CH 2 Cl 2 /EtOAc 9:1, R f = 0.68) to give nitroenamine 3b (0.515 g, 50%) as a pale yellow solid with spectroscopic data in agreement with the literature. α-Amino-4-bromo-β-nitrostyrene, synthesized from 4-bromo-β-nitrostyrene (1.14 g, 5 mmol) by the general procedure, was subjected to TPB. Purification of the crude by column chromatography (CH 2 -Cl 2 /EtOAc 9:1, R f = 0.78) gave nitroenamine 3d (0.42 g, 30%) as a pale brown solid with spectroscopic data in agreement with the literature. 
Feature Syn thesis (S)-N,N′-Diacetyl-1-phenylethane-1,2-diamine (7) by Two-Step Synthesis
Syringe A was filled with nitroenamine 3b (0.33 M soln, 1 mL) catalyst B (0.2 equiv); syringe B was filled with 5 (0.1 M soln, 4 mL); syringe C was filled with DIPEA (6 equiv) in CH 2 Cl 2 (2.5 mL, total volume); syringe D was filled with HSiCl 3 (8 equiv) in CH 2 Cl 2 (2.5 mL, total volume). Syringes A and B were pumped into a 500-μL mesoreactor heated to 60 °C, at two different flow rates, in order to have a residence time of 20 min (overall rate: 25 μL/min, 5 μL/min for syringe A, 20 μL/min for syringe B), and a concentration of 0.08 M of 3b in the reactor. Syringes C and D were pumped at the same flow rate into a 100-μL mesoreactor cooled to 0 °C, in order to premix the reducing agent and the Lewis base.
The outcome of the reactors was collected in the same round-bottomed flask under N 2 atmosphere cooled to 0 °C, where the nitro reduction took place, after the first two volumes were discharged. After stirring at rt overnight, the reaction was quenched with stoichiometric 4 M NaOH soln, dried (Na 2 SO 4 ), filtered, and evaporated under reduced pressure. The crude was directly subjected to derivatization.
A stirred solution of the crude in toluene (4 mL) was cooled to 0 °C, and to this was added Et 3 N (4.0 equiv) followed by Ac 2 O (3.0 equiv). The cooling bath was then removed and the solution was stirred at 45 °C overnight. The mixture was then concentrated under vacuum and the residue was purified by flash column chromatography (silica gel, CH 2 Cl 2 /MeOH 9:1) to afford 7 (16 mg, 27%) as a yellow solid. All analytical data are in agreement with the literature. 18 The enantiomeric excess was determined by HPLC (chiral stationary phase, Daicel Chiralcel OJ-H column, eluent hexane/i-PrOH 9:1, flow rate 0.8 mL/min, λ = 210 nm): t R = 9 (minor), 10.4 min (major). In all the cases the enantiomeric excess was maintained during the reduction of the nitro group. 
